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Description 

BACKGROUND OF THE INVENTION 

6 The present invention is directed to e method of forming thin films of silicon nitrides and other nitrogen- 
containing compositions, such as oxynitrides, directly on a silicon surface, and is further concerned with the 
application of such f ims. 

Thin films of silicon nitride have two significant applications in me field of integrated circuits. Since they 
exhibit a higher dielectric constant and hence a higher unit capacitance than silicon dioxide layers, their use 

10 as capacitor dielectrics in small dimension MOS circuits is preferred. The increased unit capacitance that they 
exhibit make It possible to fabricate capacitors in smaller areas and hence contributes to a denser tircuft, rel- 
ative to a circuit of similar complexity that employs a silicon dioxide film. In addition, silicon nitride films have 
greater resistance to radiation, alkali ion and other impurity diffusion., 

A second e^oJication of thin silicon nitride films relates to the electrical Isolation of integrated circuits by 

13 means of all-*: n dioxide Islands. Typically, these islands ere formed by oxidizing selected regions of a silicon 
substrate. 3 > ton nitride films are used to protect areas of the substrate where the devices are to be fabricated. 
In currerr .r ^»ce, a thin oxide layer b used between the substrata and a deposited silicon nitride film to pre- 
vent the gt eration of stress-induced faults during oxidation. The presence of this oxide layer permits oxidi- 
zation to proceed in a lateral, or horizontal, direction as well aa In the vertical direction. Oxide encroachment 

20 in this lateral direction reduces the area that is subsequently available for fabricating the integrated circuit, and 
It is therefore preferable to minimize such. Accordingly, attempts have been made to form the thin nitride layer 
directly on the silicon substrate. 

In the past, several different techniques have been employed to farm a silicon nitride layer directly on the 
surface of a silicon substrate. One such technique is the thermal nitridation of silicon, which is carried out using 

25 ammonia or nitrogen gases at temperatures In the neighborhood of 1000°C or greater. This approach is dis- 
advantageous in that it requires treatment at high temperatures for extended periods of time and is limited in 
the types of materials which can be present on or in the substrate. H is particularly unsuitable for use in the 
fabrication of VLSI devices, since the susceptibility of dopants to diffusion at high temperatures presents prob- 
lems with the small geometries that are involved. In addition, the resultant films contain a significant amount 

30 of oxygen, which hampers their effectiveness in resisting oxidation. 

A variation of this technique involves plasma-assisted thermal nitridation with the use of inductively cou- 
pled reactors. This technique is disclosed, for example, in U.S. Patent Noa. 4,277,320 and 4,298,629. A coil 
disposed around the reaction chamber generates an electromagnetic field that Inductively heats the wafer to 
be coated and excites the gas within the chamber to create a plasma. Such reactors have proven to be difficult 

35 to construct on a production-scale level, and are therefore not in widespread use. Furthermore, they operate 
at relatively high temperatures (dose to 1000«C) that are produced by the inductive field, and hence have high 
power requirements. 

Another technique for forming thin nitride films uses high energy ion implantation. This technique is gen- 
erally not desirable from a commercial standpoint since Its throughput Is limited by the relatively small ion beam 

40 that is employed. In addition, high current implantation systems are complex and expensive. 

Low energy ion bombardment is a third technique that has been used to prepare nitride-like films on silicon. 
Limitations associated with this technique include the fact that processing can only be carried out on a single 
wafer at a time because of the beam size generated by presently available low energy ion bombardment aourc- 
es, and the contamination of the resulting layer with materials that are used to fabricate the ion gun source. 

45 A fourth technique for forming silicon nitride films is low pressure chemical vapor deposition (LPCVD). 
Thickness control of thin films is difficult with this process, and hence the films tend to be relatively thick, in 
the neighborhood of 300 angstroms or more. As a result they are not suitable for use in trench Isolation when 
in direct contact with silicon because they can produce stress at the corners of the trench, which leads to de- 
fects in adjacent regions of the silicon substrate. 

so Document JP-A-93242-1983 discloses a method of forming a nitride on a silicon substrate by directly re- 
acting nitrogen containing gas with the surface of the silicon substrate. In a reaction chamber, two parallel flat 
electrodes are disposed facing oneanother. One of the electrodes carries the wafer and is connected to ground. 
The other electrode is supplied with r.f. power in the MHz range. Further, the wafer carrying electrode and the 
wafer itself are heated by means of an induction coil beneath the electrode and fed with r.f. power in the KHz 

» range. The water Is negatively DC biased. Nitridation takes place at temperatures of about 800*0. Nitride film 
thicknesses vary between 7 and 1 5 nm (70 and 150 Angstroms) depending upon the nitridation time of 20 to 
90 minutes. 

Document J^ppl.Phys. 52(4), 3076 (1981), R. Hezel et al. "Plasma Si nitride - A promising dielectric to 



2 



EP02013S0B1 



achieve high-quality silicon MI5/IL solar cells* discloses a so-called tow temperature plasma-enhanced chem- 
ical vapor deposition of silicon nitride. Low temperature, in the context of this document designates a substrate 
temperature of 220°C. 

The present invention as It la defined by patent daim 1 distinguishes over the former document In that the 
electrodes have substantially different sizes and that the substrate is cooled such that a temperature 0/200*0 
is not exceeded; preferably, the process Is carried out at room temperature. K has been found that under these 
conditions, the process is serf-limiting, i.e. the silicon n tride f Bm thickness ultimately obtained wil not increase 
beyond a certain value upon continued treatment said value depending upon the applied power. 

OBJECTS AND BRIEF STATEMENT OF THE INVENTION 

Accordingly, it is an object of the present Invention to provide a novel means for econornicafly converting 
the surfaces of silicon and similar materials into nrtrfde-li ke layers at relatively low temperatures, Le. at or near 
room temperature. In particular, It is an object of the Invention to provide a novel method for forming silicon 
nitride layers, which method does not require an ton gun source and minimizes the energy of tone incident on 
metallic surfaces, to thereby keep the sputtering and subsequent redepositton of potential contaminants onto 
the wafer surface low. It Is a further object of the invention to provide e novel method of the foregotog type 
which provides effective control over the thickness of the nitride layer that is formed. 

It is a further object of the Invention to provide novel applications for thin nitride films. 

In accordance with the present invention, these objects are achieved by carrying out a surface reaction 
on a substrate layer in a vacuum chamber that contains an electrode which Is capactt/vety coupled to an rf 
generator. A second electrode within the chamber, or a metal wall of the chamber itself, is connected to ground. 
The silicon wafers to be treated are placed on one of the electrodes to be In electrical and physical contact 
therewith, and a reagent gas that contains nitrogen Is introduced into the chamber. An rf voltage is then applied 
between the electrodes to create a plasma, causing ions thereof to be accelerated into the si icon substrata. 
The nitrogen tons that are created as a result of the application of the rf power can be directed at the surface 
of a number of wafers simultaneously, thereby providing improved throughput over the prior art techniques. In 
addition, the growth process is self limiting, thereby providing effective control over the thickness of the silicon 
nitride layer, enabling f Urns that are in the range of 50-100 angstroms thick to be consistently produced. 

The thin nitride films that are formed by such a method have a variety of useful applications. Because of 
their high degree of integrity and high nitrogen-to-oxygen ratio, they are well suited for preventing oxidation 
during device isolation. Furthermore, the controllability of the thickness of the films readily facif totes the fab- 
rication of capacitors having high unit capacitance. For greater reliability and to reduce leakage currents, the 
films can be annealed in an oxygen atmosphere when they are to be incorporated in capacitor structures. In 
addition, the electrical properties of such a film, coupled with its immunity to impurity diffusion and radiation, 
contribute to its successful application as a gate dielectric for MOSFET devices. 

Further features of the invention are described In detail hereinafter with reference to preferred embodi- 
ments thereof illustrated in the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic representation of a chamber of the type that can be used to implement the process 
of the present invention; 

Figures 2 and 3 are cross-section sJ views of a silicon wafer during steps of a LOCOS Isolation process; 
Figure 4 is a cross-sect ion ai view of a trench isolation structure; 
Figure 5 is a cross-sectional view of a trench capacitor structure; and 

Figure 6 is e cross-sectional view of a MOSFET device Incorporating a thin nitride film In the gate dielectric 
DESCRIPTION OF PREFERRED EMBODIMENTS 

The method of the present invention for forming a thin film of nitride directly on the surface of a silicon 
substrate can be carried out in an apparatus of the type illustrated in Figure 1. For example, this apparatus 
could be a chamber of the type that is typically used for plasma etching. This apparatus basically comprises 
a sealed metai-waBed chamber 10 having a cathode 12 that is electrically insulated from the remainder of the 
chamber walls, for example by means of a glass insulating ring 14. One wall of the chamber Is provided with 
a loading port 16 to enable silicon wafers to be placed on the cathode 12 and removed therefrom. A vacuum 
source, such as a turbo-molecular pump 18, Is In communication with the chamber to thereby evacuate the 
same, in addition, the chamber is provided with a gas introduction tube 20 that is connected to a source 22 of 
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a citable nitrogerw»ntaining gas through a pressure regulator 24. If appropriate, suitable moisture and oxygen 
removing canntsters (not shown) can be connected to the tube 20 to improve the purity of the gas that is in- 
troduced into the chamber. 

Tne cathode 12 is coupled to an rf generator 26 by means of an in-line capacitor 28, and the metallic walls 
5 of the chamber 10 are connected to ground to form an anode. The cathode and the anode thus form a pair of 
spaced plate electrodes. The generator 28 provides an a.c. current to the cathode at an rf frequency, and the 
in-line capacitor 28 maintains a d.c bias on the electrode. Preferably, the area of the anode is much greater 
than that of the cathode, so that a relatively high self bias, in the range of 300 to 1 100 volts, is created at the 
cathode. 

10 In operation, after the silicon wafers are placed on the cathode 12. and the loading port 16 is dosed to 

seal the chamber, it is evacuated by means of the pump 18 to a low bass pressure so as to minimize potentially 

contamtnatinp-residual gases. This base pressure is preferably about 1<H Torr. To effect nitridation. gas from 

?? 18 " troduced ^nuously into the evacuated chamber through the tube 20 to maintain the pres- 

« !!"! 1 ^ * " b0Ut 1CHT0a - ™ 8 »" could ^ pure nitrogen, ammonia or a nitrogen-hydrogen 
is mixture, for example. " 

The gas within the chamber is activated by applying the power from the rf generator 26 to the cathode 
tub power can be in the range of about 25 to about 500 watts, and has a frequency of 10 KHz to 300 MHz! 
As a result of the rf power, a plasma of energized ions of the gas is created. These ions are accelerated into 
the silcon substrate that is in electrical and physical contact with the cathode, to form a silicon nitride layer. 

In order to minimize heating of the silicon wafers as well as prevent cracking of the cathode due to over- 
h f" n t the C f h0d8 T cooted * "» "table arrangement such as a water distribution system 30. To 
inhibit the sputtenng of oxygen<ontainlng materials from the glass insulating ring 14 that supports the elec- 
trode, a dark space shield 32 can be provided around the electrode. TWs shield can be made of a suitable 
conductive material such as aluminum or stainless steel, and can be grounded 

A capedtively coupled rf system such as that Illustrated in Figure 1 is capable of creating nitrogen-con- 
tamrng ions of sufficient energy and flux to the surface of the wafer supported on the cathode 1Z In contrast 
to prior systems mat employ thermal energy to induce a surface reaction, the system of the present Invention 
uulrzes electrically excited nitrogen-containing ions and accelerates mem into the silicon surface to promote 
the chemical reaction. Since the ions can be directed at a relatively leige area, a number of wafers can be proc- 
essed simultaneously, thus making the method of the present invention an economic one for converting the 
surfaces cfsil«on.nto nitride^ike layers. In addition, the process is carried out at a relatively tow temperature 
e.g. less than 200»C. (and preferably at room temperature) and does not require en ion gun source 

Pf0ces » provWaa ■*«•"» cort «' °ve"he thickness of the film that is formed, enabling 
relatively thin films that are less than 200 angstroms thick, and preferably about 50-100 angstroms thick, to 

?r.™T nt 'i y fTT: "" PreCa9S " aatWimitin » " ,hat *• "« 9™*" «*• * the nitride film 
e inversely related to the film's thick™* tore given power density. When the film obtains a thickness where 
Its growth rate is equal to the constar. at which ions sputter off its surface, the process reaches a steady 
•tram) m .urthar net growth occur sample, for a power density of 0.4 W/cre* of the wafer, the thick- 
nesa of the f iirr ,n V increases by 5% t - rocess time is increased from 2 minutes to 45 minutes. By ad- 
justing the pe- density, films of differs : .rad thicknesses can be obtained. 

Thsconm -atis afforded by the pre.,, s described above and the quality of the resulting film fadlitate 
; 0 a P plication «- Throu 9 h ^rprooriata selection of the density of the applied power (Le. watt, 
per cnV of the wafer), the atomic nitrogen to nsrogen-plus-oxygen ratio ([NJ/|N+0]) of the film can be regulated 
Zt. ^ " XaniP<e ' " niWda ™" * to be ,»ed to prevent oxidation of selected areas 
of the wafer dunng field oxidetion. [NJ/IN+O] should preferably be at least 90%. When the plasma is formed 
f ™ ± ua "* an •«Hto:«thode ratio of about 20. powered by a 13.56 MHz rf generator, the [N)/[N*Ol 
* 8 ranfle ,rom 8b0ut ** (power danslt y = 0A Wta *> * about 98% (power density = 3 2 

W/cn*) for 5 minutes. If NH, is used to form the plasma, the [Nj7[N+0] ratio goes from about 76%7about 
96% for the same respective power density settings and time. 

hJ^SX? Fi9 T 2 ano 3 ' 006 aPP«ation of the nitride film is illurtrated. After a nitride film 36 has 
been deposited on a silicon substrata 38 in accordance with the method described above, a portion of the film 
» etched away to define a field region. The portions of the film which remain define the active areas where 
0e ^* a ( arB to * formed. The field regions 40 are oxidized as shown In Figure 3b to provide Isolation The 
nsnde film 36 protects the underlying substrate from oxidation. When the (NJVTN-fOJ ratio of the film 36 ia at 
least 90%. It has been found that the f llm will resist more than 4500 angstroms of oxidation 
• a S " b8a( ' uant 10 ,hs ,ormation of *• l«yer. it can be annealed if desired. Such annealing can be car- 
IS TJ? T^J^™ * 8 tempefatUm ■* 900 Bnd 11 «"C. In order to prevent oxidation of the 
firm, a chamber in which the annealing is carried out can be filled with a norwoxidizing gas such as nitrogen 
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hydrogen, or another inert gas. Alternatively, the chamber can be evacuated to achieve the same effect 

Furthermore, the process is not limited to the formation of thin nitride films on planar surf acesTof particular 
interest in this context is the formation of the film within trenches. It has been found that high qualfty thin films 
can be formed along the aide and bottom wals of trench structures in a silicon substrate. Thus, the nitride 
5 film can be used as an integral part of the insulating material that fills the trenches for dielectric device isolation. 
Referring to Figure 4, a trench 42 is cut into the surface of a silicon wafer to define a boundary between 
active areas, if desired, the trench could completely surround an active area. The side and bottom wait of the 
trench are lined with a thin layer 44 of nitride. Preferably, this layer is only 50-70 angstroms thick. The remainder 
of the trench is then filled with a suitable material 46, such as silicon dioxide or undoped polysilicon. The nitride 
10 liner 44 on the walls of the trench acts as a suitable barrier to the diffusion of the material Into the silicon sub- 
strate. 

Advantage can also be taken of the relatively high dielectric permittivity of the film formed according to 
the above-described process. In particular, silicon nitride has a higher dielectric constant than silicon dioxide. 
Furthermore, as the thickness of the film is reduced Its capacitance increases, so that the relatively thin f Hms 

u that can be obtained with the present invention offer high unit capacitance. To further increase the capaduve 
applications of nitride films formed according to the process of the Invention, they can be annealed in an ox- 
idizing atmosphere to reduce their leakage current 

For example, when used in a dynamic random access memory PRAM), an integrated capacitor should 
have high unit capacitance, e.g. , at least 5 fF/micron 2 , so as to be capable of storing a sufficiently large charge 

20 packet that provides immunity to noise. In addition, the capacitor should exhibit low leakage current, e.g. no 
greater than 10-* A/cm 2 at 2.5 V, so as to afford a refresh cycle time of sufficient duration. The following table 
illustrates how the properties of a capacitor formed according to the present invention can be improved by an- 
nealing It in an oxygen atmosphere. The examples given in the table are with respect to a nitride film formed 
on a silicon wafer exposed to a plasma created from Nj gas using an anode:cathode ratio of about 20, powered 

25 by a 13.56 MHz rf generator at a power densfty of 0.4 VWcm 2 for five minutes, in accordance with the above- 
described process. The oxygen anneal is carried out at 1000°C. 



Leakage Current at 2.5 V 
(k/cm 2 \ 



6 x 10 
1.2 x 10" 



* Wot capable of precise measurement due to high 
leakage current. 

40 

As can be seen, the unit capacitance of the film undergoes a slight decrease when annealed, most likely 
due to its increased thickness and oxygen content as it undergoes oxidation. However, even with an anneal 
for 90 minutes, the unit capacitance still remains well above the minimum noted previously for DRAM applica- 
tions, whereas the leakage current is reduced by two orders of magnitude over a film which has not been an- 
45 nealed. 

The annealing temperature and time can be shortened, for example by utilizing steam at 900°C for 10-15 
minutes. As another alternative. It is possible to employ a rapid thermal anneal (RTA) in which high tempera- 
tures are applied to the wafer for very short periods of time, e.g., tens of seconds. It is believed thai results 
which are equivalent to or better than those depicted above can be obtained with these alternative annealing 
50 processes. 

Due to the ability of the inventive process to produce high-quality nitride films within trenches, it becomes 
possible to fabricate trench capacitor structures. Such a structure is Illustrated In Figure 5. The capacitor ba- 
sically comprises a thin nitride film 48 formed along the upper surface and within a trench formed in an ap- 
propriately doped layer 50 of silicon or polysilicon. The layer 50 functions as one electrode of the capacitor, 
55 and a second electrode 52 is formed by depositing a metal or doped polysilicon over the nitride layer 46. if the 
trench has a width W and a depth D, its capacitance would be (1 ♦ 4D/W) times greater than that of a capacitor 
formed on top of layer 50 and occupying the same amount of surface area. 

Another particularly useful application for nitride films formed according to the process of the present irv 

5 



Anneal Capaci tance 

Time (ain) (fF/micron z ) 

0 • 

30 6.8 
90 7.7 
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vention is aa a gate dielectric for MOSFET devices. In the past attempts at constructing a MOSFET using a 
thin oxide film in the gate region and a doped poiysBicon for the gate conductor have met with several limita- 
tions. One of these limitations has been with respect to the impurity that is used to dope the polysilicon. Boron 
would be a desirable dopant for the polysilicon layer to produce an enhancement type MOSFET. However, the 
diffusion coefficient for boron is enhanced in the presence of hydrogen during the deposition of polysilicon. 
Consequently, It tends to break through the oxide layer and dope the underlying channel region. Phosphorous 
dopant would be another possibility but it suffers from the fact that it would create a depletion type of n-channei 
MOSFET. 

However, by using a nitride film as the gate dielectric, the tendency of boron to diffuse Into the channel 
region is resisted. Furthermore, even though the Interface state density of the nitride film is higher than that 
of silicon dioxide layers, the nitride's contribution to the threshold voltage of the device Is minimal, due to Its 
small thickness and high permittivity. Therefore, It is possible to produce enhancement type MOSFETS of high- 
er reliability and integrity using a combination of the above-mentioned features. 

Such a device is Illustrated in Figure 6. The device comprises a channel region 54 of silicon that is doped 
to one conductivity, e.g. n-type. Source and drain regions 56 of opposite conductivity are located on opposite 
sides of the channel region. Athin film of silicon nitride 58 is grown over the channel region to provide the gate 
dielectric. A silicon dioxide layer 60 covers the remaining portion of the surface of the substrate, and suitable 
contact holes 62 are provided for the source and drain electrodes. A thin layer of silicon dioxide 64 can also 
be disposed over the nitride film. In fact the interface between the nitride layer 58 and the silicon dioxide layer 
64 may not be well-defined, but rather comprise a blend from primarily nitride to primarily oxide over a distance 
of 5-20 angstroms. A polysilicon layer 66 that is doped wfth boron Is deposited over the thin gate dielectric 
films 58 and 64 to form the gate electrode. 

In summary, the nitride films that are produced according to the process of the present invention have at 
least two significant areas of application, as barriers for isolation and during oxidation, and as elements of elec- 
trical devices such as capacitors and MOSFETS. In the former area of application, It is desirable that the film 
have a high purity, Le., [N]/[N+0] is high. Accordingly, the process should be carried out at relatively high power 
density levels, e.g., 1.6-3.2 W/cm*. and at relatively low pressures. For electrical applications, where the film 
is preferably annealed in oxygen, its purity is not so much a factor as its electrical characteristics. Accordingly, 
the process can be carried out with lower power densities, for example In the range of 0.4-ZO W/cm 2 . Further 
in this regard, films made with as the source appear to be best suited for use as gate dielectrics, whereas 
those made with NH^ are preferred for use In capacitors since they exhibit higher unit capacitance for a given 
leakage current 



Claims 

1. A method of preparing a thin film of silicon nitride or other nitrogen-containing composition on a silicon 
substrate, in a capacitivel y coupied plasma deposition chamber with parallel electrodes comprising the 
steps of: 

placing one surface of silicon substrate in contact with a first of a pair of plate electrodes, said f rst 
electrode being spaced away and opposite from a second plate electrode of said pair of electrodes which 
faces the opposite surface of said substrate and has an area greater than said f rst of said pair of elec- 
trodes; 

evacuating a chamber in which said electrodes and the substrate are located; 

introducing a nftrogen-containing reagent gas free of silicon compounds Into the space between 
said pair of electrodes; and 

applying an a.c voltage having a frequency of about 10 KHz or greater between said electrodes 
to thereby ionize and activate the reagent gas and accelerate ions thereof into the substrate while cooling 
said first of said pair of electrodes to inhibit heating of said substrate wherein the temperature of said sub- 
strate is less than 200*0. 

2. Trie method of claim 1 wherein said reagent gas comprises one of pure nitrogen, ammonia and a nitrogen- 
hydrogen mixture. 

3. The method of claim 1 further including the step of annealing the thin film of nitride formed on said sub- 
strate. 

4. The method of daim 3 wherein said annealing step is carried out in the presence of a non-oxidizing gas. 

6 
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5. The method of claim 1 wherein the area of the other electrode of eaid pair of electrodes to at least twice 
as great as the area of said one electrode. 

6. The method of one of the preceding claims for isolating active regions from one another in an integrated 
circuit comprising the steps of: 

removing selected portions of said film so that the remaining portions of the f Hm correspond to 
areas in which active devices are to be formed in the wafer; end 

oxidizing the areas on said surface of the wafer that are not covered by the remaining portions of 
the nitride film, 

7. The method of claim 6 wherein said a.c voltage signal has a power density In the range of about 1.8 to 
about 3.2 W/cm 2 of the substrate. 

0. The method of claim 6 wherein said nitride film has a thickness no greater than 20 nm (200 angstroms). 

9. The method of claim 8 wherein said film has a thickness In the range of about 5 to about 10 nm (50 to 
about 100 angstroms). 

10. The method of claim 6 wherein the ratio of nitrogen to nfcrogen-plus-oxygen in said film is at least 90%. 

11. The method of daim 6 wherein the pressure of said plasma ia about 10" 2 Torr. 

12. The method of daim 6 wherein said opposite surface of the substrate has a trench in ft, and said nitride 
film remains in the trench after said selective removing step. 

13. The method of one of daims 1 to 5 for dielectrically isolating active regions from one another in an Inte- 
grated circuit, comprising the steps of: 

forming a trench in the exposed surface of said substrate to define a boundary of at least one area 
In which an active device is to be located; and after said nitride film is formed on said surface of the sub- 
strate and along the walls of said trench: 

filling the remainder of said trench with an insulating material. 

14. The method of daim 1 3 wherein said film has a thickness of about 5 to about 7 nm (50 to about 70 ang- 
stroms). 

1 5. The method of daim 1 3 wherein said a.c. vdtage signal has a power density in the range of about 1 .6 to 
about 3.2 W/cm 2 on the substrate. 

1 6. The method of daim 1 3 wherein the ratio of nitrogen to nitrogen- pi us-oxygen in said film is at feast 90%. 

17. The method of daims 1, 2, and 3 wherein said a.c voltage signal has a power density of about 0.4 to 
about 2.0 W/cm 2 of the substrate. 

18. The method of daim 1 7 further induding the step of depositing an electrode on the surface of said nitride 
film that is opposite the silicon to thereby form a capacitor. 

19. The method of daim 1 8 wherein said nitride film comprises the gate dielectric for a MOSFET. and further 
induding the step of depositing a doped polysilioon on said film to form the gate electrode of the MOSFET. 

20. The method of daim 1 9 wherein said poiysilicon is doped with boron. 

21. The method of daim 19 further induding the step of forming a thin layer of oxide between said nitride 
film and said poiysilicon gate electrode. 

22. The method of daim 3 wherein said annealing is carried out in the presence of oxygen. 
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PatentansprGche 

1. Ein Verfahnen zum Bilden einer dunnen Schicht von SilkaumnJtrid Oder einer anderen StJckstoff enthal- 
tenden Zusammenaetzung auf einem Siliciumsubstrat In einer kapazitrv gekoppelten Raamaauftrag- 

0 kammer mit parallelen Bektroden. umfassend die Schritta: 

Plazleren einer Oberflfic he dee SiOdumsubstrats in Kontaktrnrt einer era ten eines Paarea von Rat- 
tenelektroden, welche erste Bektrode von einer zwetten Rattans! ekt rode dea Paares von Bektroden be- 
abatandet 1st und dieser gegenuberliegt welche der entgegengesetzten Obarflache dea Substrata zu- 
gewandt 1st und eine Rfiche aufweiat die grd&er 1st ais die erate dea Paares von EJektroden; 
10 Evakuieren einer Kammer, In der sich die Bektroden und daa Su bat rat bet Indan; 

Einapeisen etnes Stickkstoff entnaltenden Reagenzgaaea, daa frei von SDidumverblndungen iat 
in den Raum zwischen dem Paax von EJektroden,; und 

Anlegen einer Wechsels pannung mit einer Frequenz von etwa 1 0 KHz Oder grfifier zwischen den 
EJektroden, urn dadurch das Reagenzgaa zu ionisiaren und aktivieren und lonen deaaelben In daa Sub- 
f5 atrat zu beschleunigen, wflhrend die erate dea Paarea von Bektroden gekfihtt wird, urn das Aufhetzsn 

dea Substrata zu untarbinden, wobel die Temperatur des Substrata bei weniger als 20CTC liegt 

2. Das Verfahren nach Anspruch 1 , bet dem das Reagenzgaa ernes von re in em Sticks toff, Ammonium und 
einem Stickstof f-Wasserstof f-Gemisch umfa&t 

20 

3. Das Verfahren nach Anspruch 1 , ferner umfassend den Schritt des Aniassens der dOnnen Schicht sua 
Nitrid, die auf dem Substrat gebildet worden iat 

4. Das Verfahren nach Anspruch 3, bei dem der Anla&schrftt in Gegenwart etnes nichtoxidierenden Gases 
25 ausgefQhrtwW. 

5. Das Verfahren nach Anspruch 1 , bei dem die Rfiche der anderen Bektrode des Paarea von Bektroden 
mindestens zweimal so groG iat wie die Flftche der einen Bektrode. 

30 6. Das Verfahren nach einem der vorangehenden Anapruche fur das Isolieran von aktiven Bereichen von 
einander in einem integrierten Schaitkrels, umfassend die Schritta: 

Abtragen ausgewfihier Abschnitte der Schicht so, daa die verbieibenden Abschnitta der Schicht 
den Rfichen entsprechen, in weichen aktive Komponenten in dem Wafer zu bilden slnd; und 

Oxidieren der Bereiche auf der Oberf Ifiche des Wafers, die nicht von den verbieibenden Abschnit- 
35 ten der Nitridschicht abgedeckt sind. 

7. Das Verfahren nach Anspruch 6, bei dem das Wechselspannungssignal eine leistungsdichte im Bereich 
von etwa 1,6 bis etwa 3,2 W/cm 2 des Substrata hat 

*o 8. Daa Verfahren nach Anspruch 6, bei dem die Nitridschicht eine Dioxe von nicht mehr aJs 20 nm (200 A) 
hat 

8. Das Verfahren nach Anspruch 8, bei dem die Schicht eine Dicke im Bereich von etwa 5 bis etwa 10 nm 
(50 -etwa 100 A) hat 

46 

10. Daa Verfahren nach Anspruch 6, bei dem das VerhaJtnis von Stickstof f zu SUckstoff-plus-Sauerstoff in 
der Schicht mindestens 90% betragt 

11. Das verfahren nach Anspruch 6, bei dem der Druck des Plasmas etwa 10~ 2 Torr betragt 

50 

1 2. Das Verfahren nach Anspruch 6, bei dem die gegenuberliegende Oberf] ache des Substrata einen Gra ben 
aufweiat und die Nitridschicht in dem Graben nach dem eelekoven Abtragschritt verbleibt 

13. Das Verfahren nach einem der Anapruche 1 bis 5 fur die dieiektrische iaoiation aktiver Bereiche voneirv 
S5 ander in einem integrierten Schaltkreis, umfassend die Schntta: 

Biiden etnes Grabens in der exponierten Oberflfiche des Substrata zum Def inieren einer Grertze 
mindestens eines Bereichs, In welchem eine aktive Komponenta zu positionieren ist und, nachdem die 
Nitridschicht auf der Oberflfiche des Substrata und ifings der Wandungen des Grabens gebildet worden 
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tel. 

FuQen des Restes des Grabens mit einem boiierenden Material. * 

14. Das Verfahren nach Anspruch 13, be! dem die Schicht eine Dlcke von etwa 5 bis etwa 7 nm (50 bis etwa 
5 70 A) hat 

1 5. Das Verfahren nach Anspruch 13, bei dam das Wechaeispannungssignal eine LetstuncsOicrrte im Bereich 
von etwa 1,6 bis etwa 3,2 W/cm 2 auf dam Subatrat hat 

10 16. Das Verfahren nach Anspruch 13, bei dem da* Ver^^ 
der Schicht mindeatens 90% betragt 

1 7. Das Verfahren nach Anspruchen 1 , 2 und 3, bei dem das Wechseispannungssigna! eine Latetungad te ht a 
von etwa 0,4 bis etwa 2.0 W/cm 2 des Sustrats hat 

15 

1 8. Das Verfahren nach Anspruch 1 7, ferner umfassend den Schrttt des Aufbrin gens etner Bekrode auf oar 
Oberflache der Nrtridachicht die dem Siifclum abgekehrt fat urn dadurch einen Kondensatorzu bflden. 

19. Das Verfahren nach Anspruch 18, bei dem die Nitrldschicht das Gate-Dfeiektrikum fur einen MOSFET 
20 umfaOt und ferner umfassend den Schrttt des Aufbringens einas dotierten Poiysfliciums auf die Schicht 

zur Bildung der Gate-EJefctrode des MOSFET. 

20. Das Verfahren nach Anspruch 1 9, bei dem das Poiysilicium mft Bor dotiert ist 

25 21. Das Verfahren nach Anspruch 19, ferner umfassend dan Schrttt der Bildung einer dQnnen Schicht aus 
Oxid zwiachen der Nitridschicht und der Poiysiiicium-Gata-Elektrode. 

22. Das Verfahren nach Anspruch 3, bei dem das Aniasaen in Gegertwart von Sauerstoff ausgef Orrt wrd. 

30 

Revindication* 

1. Precede pour la preparation cJ'un film mince de nftrure de silicium ou d'une autre composition contenant 
de i'azote sur un substrat en silicium, dans une chambre de depot par plasma a electrodes paraHeJes cou- 

35 piae de fa con capacrtive comprenant les eta pes consistent a : 

disposer une surface du substrat en silicium en contact avec une premiere electrode dune pare 
d'electrodes en plaque, ladite premiere electrode etarrt espacee et en regard d'une deuxieme electrode 
en plaque de ladite pa ire d'electrodes qui est en regard de ka surface opposes dudit substrat at a une 
surface superieure a ladite premiere electrode de ladite pare d'electrodes; 
40 creer un vide dans une chambre dans laqueUe lesdites electrodes et le substrat aont disposes; 

introduire un gaz reactif contenant de r azote et ne comprenant paa de composes de silicium dans 
l espace situs entre ladite pare d'electrodes; et 

appltquer une tension alternative ay ant une frequence d'envron 10 KHz ou plus entre lesdites elec- 
trodes pour ainsi ioniser et actrver ie gaz reactif et acceierer ses ions dans le substrat tout an rafroidiasant 
45 ladite premiere electrode de ladite paire d'electrodes pour empecher le chauf fage dudit substrat, la tem- 

perature dudit substrat etant inferieure a 200°C. 

2. Precede seion la revendication 1 dans lequei ledh gaz reactif comprend de I'azote pur, de ('ammoniac ou 
un melange d'azote et rf hydrogens. 

50 

- 3. — Precede seion la revendication t-comprenant en-outre I'etape de recuire le film mince de nitrura forma 
sur (edit substrat 

4. Precede seion la revendication 3 dans lequei ladite 6 tape de recuit eat raaltsee en presence d'un gaz non- 
55 oxydant 

5. Procede seion la revendication 1 dans lequei la surface de I'autre electrode de ladite paire d'electrodes 
est au moins deux fois plus grands que la surface de ladite premiere electrode. 
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6. Procede seion Tune des revendications precede rrtes pour isoiar das regions actives las unaa daa autraa 
dans un circuit integre, comprenant las tapes consistant a : * 

anlavar des parties seiectionnees dud it film de aorta qua las parties rastantes du film correepon- 
dent a das surfaces dans lesqueiles des dispositffa actifs dolvent etre formes dans la pJaquetta; at 
5 oxyder les surfaces sur lad it© surface de la piaquette qui ne sent pas couvertea par ies parties 

restantas du film de nitrure. 

7. Precede selon la revendication 6 dans lequei le signal de tension alternative a una denette da puissance 
comprise dans la gamma cf environ 1,6 8 3,2 W/cm 2 du subatrat 

10 

B. Procede selon la re vend cation 6 darts lequei le nitrure a una epaisseur qui n'est paa superieure 4 20 nm 
(200 angstroms). 

9. Precede selon la revendication 8 dans lequei iedltflim e une 6 pabseur comprise dans la gamma d* environ 
f5 5 a environ 10 nm (50 a environ 100 angstroms). 

1 0. Procede seion la revendication 6 dans lequei le rapport antra I' azote at r azote plus I'oxygene dans tedtt 
film est d'au moins 90%. 

20 11. Precede selon la revendication 6 dans lequei la press ion dudit plasma est d'environ 10-* Tort 

1 2. Procede selon la revendication 6 dans lequei ladite surface opposee du substrat comprend une tranchee 
et ledit film de nitrure reste dans la tranchee spree ladite etape d'ellmination selective. 

25 13. Procede seion Tune des revendi cations 1 a 5 pour Isoler de facon dielectrique des regions actrvas lea 
unes des autres dans un circuit integre, comprenant les topes consistant a : 

former une tranchee dans la surface exposes dudit substrat pourdefinlr une limits d'au moins une 
zone dans laqueile un dispositif actif doit etre dispose; et apres que le film de nitrure a M forme sur 
ladite surface du substrat et le long des parols de ladite tranchee : 

30 rempir le reste de ladite tranchee avec un matariau isoiant 

14. Procede selon la revendication 13 dans lequei ledit film a une epaisseur d'environ 5 a environ 7 nm (50 
a environ 70 angstroms). 

35 15. Procede seion la revendication 13 dans lequei ledit signal de tension alternative a une dens its de puis- 
sance comprise dans ta gamma d'environ 1,6 a environ 3,2 W/cm 2 sur le substrat 

16. Procede selon la revendication 13 dans lequei le rapport <fazote a I'azote plus I'oxygene dans ledit film 
est d'au moins de 90%. 

40 

17. Procede selon les revendications 1, 2 et 3 dans lequei ledit signal de tension alternative a une densite 
de puissance d'environ 0.4 a environ 2,0 W/cm 2 du substrat 

18. Procede seion la revendication 17 comprenant en outre r etape consistant a de poser une electrode sur 
45 la surface dudit film de nitrure qui est opposee au silicium pour former ainsi un condensataur. 

19. Procede seion la revendication 1 8 dans lequei ledit film de nitrure comprend un dielectrique de grille pour 
un MOSFET, et comprend en outre I'etape consistant a deposer un poiyailtcium dope sur ledit film pour 
former raiactroda de grille du MOSFET. 

50 

20. -Procede seion la revendication 19 dans Sequel ledit pcHysilidum est dope avec du bora. - 

21. Procede selon la revendication 19 comprenant en outre r etape consistant a former une couche mince 
(Toxyde entre ledit film de nitrure et ladite electrode de grille en potysilicium. 

55 

22. Procede selon la revendication 3 dans lequei le recuit est realiae en presence d'oxygene. 
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FIG. 3 
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